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COMPARATIVE  TEST  OF  CENTRIFUGAL  BLOWERS. 


The  following  exptsriments  were  carried  on  to 
determine  by  a  series  of  comparative  tests,  the  more 
efficient  of  two  types  of  centrifugal  blowers,  both 
of  the  same  overall  dimensions,  but  having  different 
shaped  blades  set  at  different  angles  to  the  radii. 

The  blowers  tested  will  be  compared,  first  for 
mechanical  efficiency,  and  second  for  capacity  under 
various  conditions  of  restricted  suction  orifice. 
The  discharge  duct  will  be  kept  constant  for  all 
orifices  above  seven  inches  in  diameter,  while  vith 
all  orifices  less  than  seven  a  six  inch  Venturi 
nozzle  will  be  used  in  connection  with  the  discharge 
duct. 

The  general  theory  of  the  blower,  with  all  de- 
ductions, will  be  presented  regardless  of  the  design 
of  the  blower. 

The  most  satisfactory  theory  of  the  blower  wes 
presented  by  Daniel  Murgue  and  is  as  follows: 

The  maximum  head  produced  by  any  blovrer  is 
equal  to  twice  the  head  which  would  be  produced  by 
a  velocity  equal  to  that  of  the  periphery. 
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In  the  ordinary  type  of  blower  the  actual  head 
produced,  Margue  provee,   is  equal  to  twice  the  height 
of  a  column  necessary  to  generate  the  same  velocity 
in  a  freely  falling  body.   If  this  velocity  is  equal 
to  u  feet  per  second  and  H  the  maximum  head,  then 
the  reading  produced  on  the  gauge  is 


H-    -^- 
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If  we  let  Q  equal  the  quantity  of  air  delivered 
per  second,  Hq  the  head  produced  when  the  discharge 
duct  is  completely  closed,  which  is  the  initial  read- 
ing, with  h  the  loss  of  head  through  the  fan,  and 
h  the  effective  head,  the  total  head  produced  by  a 
fan  is  therefore  equal  to  the  b\xbx   of  h  and  hQ  or. 

Therefore  the  effective  head  is  A.^^-/—  a^ 

The  air  supplied  to  the  fan  may  be  considered 
to  be  practically  motionless,  which  is  not  essentially 
true,  but  since  the  head  produced  by  the  velocity  is 
small  it  may  be  neglected  without  any  serious  error. 
The  air  in  passing  into  the  fan  is  accelerated  and 
given  a  velocity  equal  to  Vq,  which  would  then  produce 
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a  negative  head  equal  to  H   or, 

J./  =  -  -/:-^  (1) 

Upon  entering  the  vanes  the  air  has  a  velocity 
equal  to  V,  and  upon  leaving  has  a  velocity  equal  to 
Vg,  which  is  somewhat  less  than  V^  >  the  loss  being 
caused  by  the  increase  of  area  between  vanes »  which 
in  turn  increases  the  discharge  pressure.   Writing 
Bernonilli*8  theorem  for  the  decrease  in  velocity 
and  increase  in  pressure,  a  gain  in  pressure  equal 
to 

is  obtained. 

The  velocity  V-,  obtained  is  the  resultant  of 
two  velocities,  the  one  V  ,  being  due  to  centrifugal 
force,  and  the  other,  which  is  tangential  to  the 
vanes,  is  equal  to  w  _i,  and  if  there  are  no  losses 
the  velocity  at  entrance  to  the  vanes  is 

Substituting  the  value  of  V-    in  equation  (2)  we  get 


jl^  [^^'^^■^^^-K'j  (4) 
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The  value  of  the  centrifugal  force  is  not  con- 
etant  making  it  neceseary  to  determine  some  expression 
which  will  give  the  value.  Aesume  a  small  element  of 
air  at  a  distance  x  from  the  center  of  the  fan,  base 
area  equal  to  S,  whose  dimension  along  the  radius  is 
dx  and  density  O  .   The  mass  of  this  element  then 
becomes  equal  to 

J^    S  c^  S 

7  "     T  <«> 

The  centrifugal  force  produced  is  therefore 

^c^^-     (7) 

Dividing  equation  (6)  by  S,  the  area  of  base 
of  the  little  element  and  the  density  O  ,  we  have 
the  pressure  per  unit  of  area  as  follows 

a 

Integrating  between  the  limits  x  =  r   x  =  R 
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Adding  equations  (l),  (4)  and  (8)  together, 
where  w  is  equal  to  wR,  the  Intial  reading  becomes 

Reducing 

The  above  equation  shows  conclusively  that 
the  pressure  or  static  head  decreases  very  rapidy 
as  the  velocity  head,  or  V,  increases.   If  it  were 
possible  to  have  the  velocity  of  the  air  equal  to 
that  of  the  periphery  the  static  pressvire  would 
become  zero. 

Computation* 
All  computations  are  taken  frorc  the  rion  using 
the  9"  on  suction,  and  large  motor  driving  the  fan. 
The  run  may  be  found  on  pages    and     . 

R.P.M.  of  fan,  knowing  R.P.M.  of  motor 
R.P.M.  of  motor  -   870 
R.P.M.  of  fan  = 
870  X  1.458  =  1268 
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Peripheral  velocity  in  feet  per  second,  Fh 

&  o 


.l6±LJ2Li^^^.,     =  13S.8  ft.  per  sec, 


Watts  input  (W)  -  // o  ^  J2.Ji^~   =^^7S' 


Conversion  of  inchep  of  water  into  feet  of  air, 
by  Boyle's  law 


—  --  —  -^ii--  —  w.^^-.------ _--_.^  _  13, o  CU.  It« 

which  is  equal  to  one  pound  of  air* 
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To  the  above  weight  of  air  (  1  lb.  )  must  be 
added  the  weight  of  moisture  in  the  air. 

Weight  of  moisture  under  rionning  conditions 
from  Marks  &  Davis  Steam  Tables,  page  8,  table  I, 

.000946  lbs.  per  cubic  foot. 

to  be  added  to  the  one  pound  of  dry  air  so  that 
13.3  cubic  feet  of  moist  air  weighs 

/ -/-   00^9^     =  /.  ^  o  ^9ZL    "^ 

Inches  of  water  to  feet   of  air  ujider  rxinnlng 
conditions 


^^^■AAI^z:?^^^        y^  A  oos^    ^  C9.rft.    of  air 
/-a 


which  is  equal  to  one  inch  of  water. 

Seventy-one  feet  of  air  wae  assumed  to  be 
equivalent  to  one  inch  of  water  for  all  computations, 
as  it  was  found  to  be  the  average  of  several  com- 
putations for  the  above  value. 

Suction  head  in  feet  of  air. 

Suction  in  inches  of  water  4.62   (S^) 

-V.  CJi.  X  7/ =  S^S^  -  feet  of  air 

Static  head  in  feet  of  air   (P^) 

Static  head  in  inches  of  water  .035 

a.oj-dT  J(  r/  =-2.'y<g^  f est  of  air 
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Velocity  head  in  feet  of  air   (V„) 
Velocity  head  in  inches  of  water  .570 
,  :5'7c>  ;r  y/.  o  =  va.  ^y  feet  of  air 

Total  head:^^^  T^t^  -^  i^    -  /J- 


M-a.  --  ^-^  <P  V^^.  ^^s~ 


i^-^O.-^:^    -  J'T'a.  9:i'J~ 


Velocity  of  air  in  duct»  feet  per  second, 


/^   =  51  feet  per  second. 
Cubic  feet  per  second,  = 

y  Jf  ^         where  /^     - .  D  in  inches 


=  y/o.V   cubic  feet. 


Pounds  of  air  moved  per  second, 

One  cubic  foot  of  air  vmder  average  working 
conditions  weighed  0.073  lbs. 

■^o.  ^  J(  .<0    73  =02.^^.02,  lbs.  per  sec. 
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Horse  power  delivered  by  fan, 


Horse  power  delivered  to  fan  by  motor  taken  from 
calibration  curves  for  5  h.p»  motor. 

Mechanical  efficiency  in  per-cent, 
Manometric  efficiency, 

-.Jst.^ x/^=  J:^JtA:S:.^  y^  , 

'""   J   '^"' 
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Apparatus . 

Two  interpole  variable  speed  motors,  manufactiired 
by  Electro  Dynamic  Company,  were  required  by  this  test, 
a  5  h.p.  and  a  3/4  h.p.,  which  allowed  us  to  get  a 
speed  of  from  390  to  1800  R.P.M.  at  the  fan  pulley. 
In  connection  with  the  motors  two  ammeters  (0-15  and  0-50) 
amperes  were  used  and  one  110  voltmeter. 

One  carbon  plate  rheostat  was  used  in  the  line 
to  regulate  voltage. 

One  direct  reading  tachometer,  speed  range  100  to 
4000  R.F.M. 

Five  Ellison  differential  draft  gauges  reading 
directly  in  inches  of  water. 

Two,  8"  gauges. 

One,  3"  gauge. 

One,  1-1/2"  gauge. 

One,  1"  gauge. 

Wet  and  dry  bulb  thermometers. 

One  aneroid  barometer. 

Orifice  plates  ranging  from  O"-!!",  O^-S",  S^-ll" 
in  diameter,  inclusive  by  1"  range. 

Installation  and  Calibration  of  Apparatus. 

The  usual  method  of  calibration  of  motors  was 

used;  that  of  the  prony  brake,  the  reading  of  the  input 
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current  I,  the  voltage  and  speed  of  the  motor.  In 
the  calibration  of  the  5  h.p.  motor  the  voltage  (line) 
was  allowed  to  take  care  of  itself;  that  is,  there 
was  no  rheostat  placed  in  the  line  to  regulate  the 
voltage  for  all  loads  to  110  volts.  Each  point  of  the 
rheostat  was  calibrated  from  zero  to  175  /^  of 
full  load. 

The  tare  weight  on  the  scales  was  determined  by 
suspending  the  brake  on  its  central  axis  moxjnted  on 
knife  edges,  which  gave  directly  the  dead  load  on 
scales,  or  the  weight  necessary  to  be  subtracted 
from  all  scale  load  readings. 

From  the  data  thus  obtained  curves  were  plotted 
with  watts  input  as  ordinates  and  horse  power  at  the 
brake  as  abscissae.   Since  there  were  21  points  on 
the  rheostat  calibrated  for  the  5  h.p.  motor  it  was 
necessary  to  move  each  successive  curve  along  5 
centimeters  to  avoid  overlapping  of  the  cxirves, 
correction  for  all  abscissae  reading  being  shown  on 
the  blue  prints. 

In  calibrating  the  small  motor  considerable  trouble 
was  experienced  in  that  the  power  delivered  at  the  brake 
was  BO  small  that  it  was  difficult  to  obtain  accurate 
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readings.   This  was  overcome  by  using  a  strap  brakr, 
the  radius  of  which  was  approximately  that  of  the 
water  cooled  pulley.   The"  brake  strap  was  lined  with 
a  composition  lining  and  lubricated  with  a  heavy 
coat  of  graphite  and  cylinder  oil,  enabling  all  read- 
ings of  amperes  input  to  be  taken  with  no  variation 
of  the  ammeter.   The  line  voltage  was  maintained  at 
110  volts  by  use  of  the  carbon  plate  rheostat  in  the 
line  outside  of  the  instrtunents,  so  that  no  power  in- 
dicated by  the  instrvmente  was  consumed  by  the 
rheostat.   The  ammeter  used  (0-15  amps)  read  to  l/lOO 
of  an  ampere. 

In  determining  the  brake  arm  of  the  strut  used 
it  was  necessary  to  use  the  ordinary  type  of  prony 
brake,  with  three  accurately  measured  arms  of  12", 
9"  and  6".  There  were  no  corrections  to  be  made  for 
scale  loads,  as  it  was  accurately  counter  weighed. 
By  the  law  of  the  lever  it  was  possible  to  determine 
the  unknown  arm  of  the  strap  brake.   The  voltage  in 
each  case  was  kept  at  110  volts,  and  ammeter  readings 
taken  to  correspond  with  ajnpere  readings  of  the  strap 
brake.   The  average  of  a  series  of  readings  being 
assumed  to  give  the  correct  brake  arm. 

The  curves  for  the  small  motor  were  plotted 
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with  amperes  input  as  ordinates  and  horee  power  at 
the  brake  ae  abscissae,  which  was  possible  owing  to 
the  fact  that  the  voltage  was  kept  at  110  volts  through- 
out the  entire  calibration. 

The  meters  used  in  these  teste  were  of  the  Weston 
direct  reading  type,  manufactured  by  the  Weston 
Electrical  Instrument  Company,  Newark,  K.  J.   The 
volt  meter  was  model  1,  #  ,  and  had  t.o 

scales,  0-2.5  and  0-120.   The  ammeters  were  model  1, 
#         ,  0-15,  0-50,  and  0-120.   The  inetrumente 
were  checked  against  standard  instrxments  and  fo\jnd 
nearly  correct.   The  error  was  so  small  that  it  was 
negligible,  and  all  readings  for  calculations  were 
assumed  correct. 

The  scale,  #13,  used  in  connection  with  the 
calibration  of  the  motors  r-as  standardized  by 
placing   standard  weights  upon  it  and  was  found 
correct  within  weighing  limits. 

The  tachometer  was  calibrated  against  a  fre- 
quency meter  and  for  all  readings  it  was  found 
correct  for  all  experimental  work. 

Installation  of  the  Blower. 
The  first  installation  of  the  fan  was  with  the 
shaft  of  the  runner  in  a  vertical  position,  rotating 
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upon  a  self  centering  roller  bearing,  with  the 
suction  opening  upon  the  upper  side  of  the  fan 
casing.   The  suction  chamber  was  bolted  directly 
to  the  openir^  in  the  casing  and  the  joint  made 
perfectly  tight  by  the  use  of  heavy  cup  grease.   The 
opening  arovmd  the  runner  shaft  on  the  under  side  of 
the  casing  could  not  be  made  perfectly  air  tight,  as 
the  opening  had  to  be  made  large  enough  to  allow  the 
shaft  to  obtain  its  true  rotating  center.   Several 
experiments  were  made  by  placing  soft  washers,  such 
as  leather,  around  the  shaft,  but  to  no  avail.   The 
leakage  was  determined  by  figuring  the  quantity  of 
air  delivered  by  the  fan  and  comparing  this  value 
with  quantity  delivered  throiJgh  the  suction  orifice. 
The  leakage  was  found  to  be  entirely  too  great  for 
accurate  work,  necessitating  an  entirely  different 
form  of  installation,  as  shown  on  page 

The  second  installation  of  the  fan  was  with 
the  shaft  of  the  runner  in  a  horizontal  position. 
The  shaft  being  mounted  in  babbitted  bearings,  the 
inner  bearing  coming  up  close  to  the  wheel  casing. 
This  method  permitted  the  use  of  cup  grease  in 
sealing  the  joint  around  the  shaft.   All  joints  in 
the  wheel  case  were  made  up  with  grease.   The 
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orifice  plates  were  fastened  to  the  suction  chamber 
by  placing  thera  in  a  bed  of  cup  grease,  which  made 
it  nearly  impoeeible  to  find  any  leakage  at  this 
point.   Several  tests  were  run  under  these  conditions 
for  leakage,  as  in  the  first  run,  and  the  quantities 
so  obtained  were  nearly  equal,  which  allowed  all 
subsequent  calculations  to  be  carried  on  neglecting 
leakage. 

The  suction  chamber  spoken  of  in  the  above 
paragraphs  consisted  of  a  large  cylindrical  p al- 
vanized  iron  tank,  four  feet  in  diameter  and  five 
feet  in  length.   One  end  was  so  arranged  that  the 
orifice  plates  could  be  attached  as  stated  above. 
The  other  end  of  the  chamber  was  arranged  with  a 
two  foot  opening  gradually  tapering  off  to  the  size 
of  the  suction  opening  in  the  wheel  casing.   The 
ptirpose  of  using  the  large  suction  chamber  was  to 
do  away  with  the  velocity  head,  converting  the  entire 
suction  head  into  static  preermre,  because  the 
velocity  head  is  practically  zero  in  the  chamber. 

The  static  and  velocity  head  in  the  12"  dis- 
charge duct  was  obtained  by  a  modified  form  of  the 
Pi tot  tube  method.   The  ordinary  type  Of  the  dynamic 
tube  was  placed  at  the  mean  radius  of  the  duct. 
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which  was  4^,8"  from  the  center.  The  static  head  in 
the  duct  wac  obtained  by  drilling  four  small  holes 
through  the  duct  and  oonnooting  these  in  aeries,  so 
that  the  actual  static  head  obtained  was  the  resultant 
of  the  four  pressures  taken  in  the  duct.   This  method 
of  obtaining  the  static  presBure  has  been  tryed  out 
very  thoroughly  in  Eiirope,  and  gave  very  accurate 
determinations  of  the  pressure  of  flowing  air. 

The  gatiges  used  during  the  entire  test  were  of 
the  Lewis  M.  Ellison  type  of  differential  manometer, 
reading  directly  in  l/lOO  of  an  inch  of  water.   The 
gauges  used  on  the  static  and  velocity  head  readings 
were  direct,  reading  to  l/lOO  inches  of  water  but  of 
larger  scale  division  so  that  readings  to  l/lOOO  of 
an  inch  coiild  be  interpolated. 

The  plan  view  of  motors,  fan,  and  suction 
chamber  will  show  the  arrangement  of  the  motors. 
The  same  belt  was  used  on  both  motors  with  the  ex- 
ception of  the  removal  of  a  small  pioce  of  the  belt 
to  shorten  up  to  take  in  the  small  motor.  The  ammeter 
used  in  connection  with  the  small  motor  read  directly 
in  l/lOO  amperes,  and  that  with  the  large  motor  directly 
to  l/lO  amperes. 
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The  pulloy  ratio  was  determined  by  •using  two 
spaed  indicators;  one  upon  the  shaft  of  the  motor  and 
the  other  upon  the  fan  shaft.  Both  indicators  were 
brought  to  zero  and  placed  in  their  respective  positions, 
while  the  motor  and  fan  were  still.   The  motor  was  then 
brought  up  to  some  speed  and  allowed  to  run  for  two 
or  three  minutes.   It  was  then  stopped,  still  keeping 
the  indicators  in  their  position.   When  the  motor  had 
come  to  rest  the  readings  of  both  indicators  were  re- 
corded, and  the  ratio  of  the  recorded  revolutions  of  the 
motor  to  those  of  the  faxi  gave  the  required  constant, 
or  pulley  ratio,  i 

The  flow  of  air  with  the  small  orifice  was  so 
sluggish  in  the  12"  duct,  making  it  necessary  to  use 
some  other  form  of  measurement.  A  venturi  nozzle 
was  devised  with  area  of  the  throat  equal  to  0.21 
square  feet.   The  velocity  head  through  the  nozzle 
was  found  to  be  equal  to  the  difference  of  the  static 
pressure  up  stream  and  that  at  the  throat  of  the 
nozzle}  from  this  accurate  data  as  to  the  velocity 
head  in  the  duct  was  obtained. 

In  determining  the  leakage  of  the  fan  system, 
with  the  blank  orifice  on  the  suction,  a  1-1/4" 
orifice  plate  was  placed  over  the  discharge  duct 
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outlet.   The  static  pressure  in  the  duct  "being 
asstuned  to  be  converted  into  velocity  pressure 
through  the  orifice  from  the  reading  the  quantity 
of  air  flowing  may  be  calciJilated  from  the  formula. 

Where  n  is  the  coefficient  of  discharge  and 
equal  to  .6,  A  the  area  of  the  orifice  in  souare 
f eot  and  h  the  velocity  head  throxigh  the  orifice 
in  feet  of  air. 

Discussion  and  Comparison  of  Results. 
The  curves  from  the  test  were  plotted  with  R.P.M. 
as  abscissae,  and  efficiency,  horse  power,  capacity, 
dynamic,  velocity  and  total  static  heads  as  ordinates. 
The  curves  give  a  very  simple  means  of  comparing 
the  results  that  may  be  expected  of  these  types  of 
fans,  from  which  it  is  easy  to  determine  which  fan 
would  be  the  more  economical  ronder  particular 
conditions  of  operation. 

Both  runners  were  of  the  exhaust  type,  intended 
for  work  in  which  a  suction  of  a  few  inches  of  water 
are  required.   This  gave  the  condition  of  throttled 
suction  and  comparatively  light  discharge  pressure. 
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The  two  ninners  used  throughout  the  experiment 
are  designated  as  "straight  or  curved  blade" 
fans,  the  term  "curved  blade"  signifying  the 
runner  in  which  the  vanes  were  curved  away  from 
the  direction  of  rotation,  while  in  the  fan  with 
the  so  called  "straight  blade,  the  angle  which  the 
vajies  made  with  a  given  radius,  remained  constant. 

The  maximum  efficiency  of  both  fans  rtjnning 
at  1600  R.P.M.  with  the  same  area  discharge  was 
obtained  with  the  9"  suction  orifice  in  both 
cases,  which  is  the  blast  area.   The  meiximum  ef- 
ficiency of  the  test  was  obtained  with  the  curved 
blade  rianner  at  1600  R.P.M. ,  showing  that  78^  of 
the  input  power  was  delivered  by  the  fan.   The 
straight  blade  runner  obtained  its  maximum  ef- 
ficiency with  the  nine  inch  orifice,  but  not  until 
the  R.P.M.  of  the  fan  reached  1800,   showing  an 
efficiency  of  66^.   Comparing  the  two  runners  under 
the  same  conditions  of  operation,  the  maximum  ef- 
ficiency of  the  curved  balde  runner  was  78^  as  against 
64^  for  the  straight  blade  runner,  a  gain  of  14^ 
in  favor  of  the  curved  blade  fan.   The  maximiim 
possible  efficiency  with  the  straight  blade  runner 


-  19  - 


was  not  obtained,  because  of  lack  of  power  and 
draft  gauge  capacity.   The  efficiency  curve,  for 
the  straightblade  fan  with  the  9"  suction  orifice, 
is  still  increasing  at  1800  R.P.M.,  which  is  ths 
maximiom  speed  at  which  the  fan  could  be  operated. 
It  is  veiy  probable  that  the  meiximum  efficiency 
obtained  with  the  straight  blade  runner  would  be 
at  about  2000  R.P.M. ,  with  a  9"  suction  orifice, 
and  would  be  about  70^,  which  is  even  then  8%   below 
the  maximum  efficiency  of  the  curved  blade  rvmner. 

The  manometric  efficiency  for  any  particular 
orifice  with  either  impeller  remains  practically 
constant  throughout  the  entire  run,  and  in  no  case 
did  the  efficiency  exceed  70^. 

The  two  fane  compared  for  capacity  in  cubic 
feet  per  second,  places  the  curved  blade  runner  far 
in  advance  of  the  straight  blade  runner.   At  1600 
R.P.M.  the  curved  blade  impeller  delivered  62-1/2 
cubic  feet  of  free  air  per  second  with  the  11" 
orifice,  on  the  suction  side  of  the  fan,  as  against 
51.1  cubic  fest  of  free  air  per  second  for  the 
straight  blade  runner  under  similar  conditions.  With 
the  9"  orifice  on  the  suction  side  of  the  fan  50 
cubic  feet  of  free  air  were  delivered  by  the  curved 
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blade  as  against  45.3  cubic  feet  per  second  for  the 
straight  blade.   The  large  volume  delivered  by  the 
curved  blade  impeller  is  very  much  in  favor  of  the 
fan. 

The  horse  power  required  by  the  curved  blade 
rionner  is  much  smaller  than  that  required  by  the 
straight  blade  runrer  for  the  same  quantity  of 
delivered  air.   Comparing  the  two  runners  with  the 
9"  suction  orifice  and  at  1560  R.P.M..  the  curved 
blade  fan  required  4.45  horse  power  as  against  4.03 
by  the  straight  blade  runner,  but  the  quantity  of 
air  delivered  in  both  oases  is  much  larger  for 
the  cTirved  blade,  as  is  also  the  efficiency  at  this 
point. 

The  total  static  pressure  consists  of  the  sum 
of  the  suction  prees^lre  and  the  static  pressure 
in  the  duct.  The  curves  plotted  with  R.P.M.  as 
anscissae  and  total  static  head  in  inches  of  water, 
are  very  much  in  favor  of  the  curved  blade  rvinner. 
In  both  cases  the  static  head  increases  only  slighly 
up  to  about  800  R.P.M.  and  from  that  point  begins 
to  increase  very  rapidly.   If  the  static  pressures 
are  compared  for  the  9"  orifice  on  the  suction 
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and  1600  R.P.M.,  we  find  that  the  curved  blade 
shows  a  pressure  of  7.1"  of  water  pressure  as 
against  5.38"  for  the  straight  blade  impeller, 
or  1.72  inches  of  pressure  in  favor  of  the  curved 
blade  runner.   The  entire  test  gives  a  very  large 
preference  in  favor  of  the  curved  blade  fan  for  all 
orifices.   This  is  primarily  brought  about  by  the 
large  capacity  of  the  curved  blade  fan,  for  at  no 
time  does  the  static  pressure  on  the  discharge 
become  very  large. 

The  curves  plotted  with  total  dynamic  head 
as  ordinates  against  R.P.M.  as  abscissae  show 
several  very  interesting  points.   This  is  especially 
true  for  the  curved  blade  runner,  since  for  the 
3,  4,  5,  6,    7,  8  and  9  inch  orifices  one  oiirve 
ooxold  be  drawn  with  a  very  small  error  for  any 
particular  orifice.   For  all  practical  purposes 
the  same  conclusions  may  be  drawn  for  the  Dynamic  - 
R.P.M.  curves  as  for  the  Total  Static  -  R.P.M.  curves. 

The  velocity  -  R.P.M.  curves  are  only  another 
form  of  capacity  curves  and  will  not  be  discussed  at 
length  here.  As  would  naturally  be  expected  the 
maximum  velocity  head  woiild  be  obtained  with  the  11" 
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suction  orifice  •   If  the  two  impellers  are  compared 
with  the  orifice  and  at  1600  R.P»M.  it  is  interesting 
to  note  that  the  curved  "blade  shows  a  velocity  head 
of  1.33  inches  of  water  as  compared  with  1.09  inches 
for  the  straight  blade  or  in  increase  of  .24  inches 
favoring  the  curved  blade  impeller. 

General  Gonclueions. 
The  entire  test  is  very  much  in  favor  of  the 
"curved"  blade  impeeler,  both  for  capacity  and  ef- 
ficiency. An  installation  of  two  fans  of  the  same 
capacity,  but  of  the  two  individual  designs,  would 
leave  a  large  margin  in  favor  of  the  ciirved;  first 
gro\xnd  space  and  second  input  horsepower,  for  at 
the  best  efficiency  of  the  curved  impeller  12fo   of 
the  power  is  saved  by  ttte  style  of  runner,  equivalent 
to  about  l/8th  of  the  entire  input.   The  capacity 
of  the  curved  balde  is  also  much  larger,  for  at 
1600  R.P.M,  this  type  of  fan  delivered  62-1/2  cubic 
feet  of  free  air  as  against  51.1  cubic  feet  for  the 
straight  blade. 
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